Abstract The goal of this study was to validate the usefulness of risk assessment scoring systems for a surgical audit in elective digestive surgery for elderly patients. The validated scoring systems used were the Physiological and Operative Severity Score for enUmeration of Mortality and morbidity (POSSUM) and the Portsmouth predictor equation for mortality (P-POSSUM). This study involved 153 consecutive patients aged 75 years and older who underwent elective gastric or colorectal surgery between July 2004 and June 2006. A retrospective analysis was performed on data collected prior to each surgery. The predicted mortality and morbidity risks were calculated using each of the scoring systems and were used to obtain the observed/predicted (O/E) mortality and morbidity ratios. New logistic regression equations for morbidity and mortality were then calculated using the scores from the POSSUM system and applied retrospectively. The O/E ratio for morbidity obtained from POSSUM score was 0.23. The O/E ratios for mortality from the POSSUM score and the P-POSSUM were 0.15 and 0.38, respectively. Utilizing the new equations using scores from the POSSUM, the O/E ratio increased to 0.88. Both the POSSUM and P-POSSUM over-predicted the morbidity and mortality in elective gastrointestinal surgery for malignant tumors in elderly patients. However, if a surgical unit makes appropriate calculations using its own patient series and updates these equations, the POSSUM system can be useful in the risk assessment for surgery in elderly patients.
Introduction
Since the geriatric population in most developed countries is progressively increasing, the majority of patients admitted to hospitals are elderly. 1 Furthermore, the increased life span and recent progress in perioperative management and operative techniques mean that surgeons have had to expand operative indications to include geriatric patients. Preoperative risk assessment is of primary importance in planning surgical treatment in these patients, because they often have cardiovascular diseases, metabolic disorders, or age-related respiratory problems in addition to the functional disorder of the diseased organ. 1, 2 Recently, several scoring systems have been developed for evaluating the risk associated with surgery. The Physiological and Operative Severity Score for enUmeration of Mortality and morbidity (POSSUM) scoring system, reported by Copeland et al., 3 is one of the best-known scoring systems and consists of a physiological score and an operative severity score. However, since some reports cited a tendency of the POSSUM score to over-predict death in fit patients in several surgical areas, 4, 5 Whiteley et al. 6 devised a new version, the Portsmouth predictor equation for mortality (P-POSSUM) system.
The POSSUM model was originally developed for quality assessment purposes in general surgical units. In order to implement it for specific subgroups of patients, its performance within such subgroups needs to be evaluated. This study estimated the usefulness of the POSSUM and P-POSSUM as risk prediction systems in surgery for gastrointestinal cancer in elderly patients.
Patients and methods

Patients
This study involved 153 consecutive patients (81 men and 72 women) aged over 75 years who underwent elective surgery for the gastric or colorectal malignant tumors between July 2004 and June 2006 in our Department of Surgery. The average age was 80.2 years and the age range was 75e96 years. Eighty-six patients were in the seventh decade of life, 56 in the eighth, and 11 in the ninth. Eighty-one patients had gastric cancer, 1 had a gastric stromal tumor, and 71 had colon or rectal cancer. Each patient underwent an operation for a curative resection of the cancer with lymphadenectomy. Final stagings of cancer classified based on the UICC TNM classification (6th edition, 2002) were as follows: for gastric cancer, IA in 10 patients, IB in 15 patients, II in 20 patients, IIIA in 31 patients, IIIB in 5 patients; for colorectal cancer, I in 4 patients, IIA in 18 patients, IIB in 5 patients, IIIA in 18 patients, IIIB in 11 patients, IIIC in 15 patients. Types of surgery performed are summarized in Table 1 . The extent of a lymphadenectomy for the gastric cancer was classified as D1 or D2, according to the Japanese Gastric Cancer Association classification. 7 
Methods
We recorded the preoperative morbidity in each patient. The performance status and the American Society of Anesthesiologists (ASA) score were also recorded prospectively. The postoperative complications were recorded retrospectively.
The POSSUM and P-POSSUM scores were calculated prospectively according to previously described criteria. A correlation between the physiological scores for the POSSUM and P-POSSUM and ASA score was examined. All correlations were examined statistically by using Pearson's correlation test. Thereafter, the morbidity risk was calculated using the POSSUM and the mortality risk was calculated using both the POSSUM and P-POSSUM (for general surgery), the POSSUM and P-POSSUM data were analyzed as described by Wijesinghe et al. 8 The observed/expected complications and deaths ratio (O/E ratio) was calculated for each analysis, as described in other reports. 8, 9 A chisquare test was used to detect differences between predicted and observed rates of morbidity and mortality. New logistic regression equations for morbidity and mortality rates, calculated using the physiological score and operative severity score for the POSSUM system, were developed using the data for our patient series and then were applied retrospectively.
Results
Preoperative condition
Regarding preoperative morbidity, 50 patients (32.7%) had hypertension, 19 patients (12.4%) had diabetes mellitus, 17 patients (11.1%) ischemic heart diseases, 4 patients (2.6%) had a pacemaker implantation for arrhythmia, 10 patients (6.5%) had respiratory diseases including asthma and emphysema, 7 patients (4.6%) had past histories of cerebral infarction, and 4 patients (2.6%) had chronic renal failure. Forty-six patients (29.3%) had no morbidity. Performance status was rated 0 in 13 patients, 1 in 62 patients, 2 in 61 patients, 3 in 15 patients, and 4 in 2 patients, with a median value of 2. The median ASA score was 2, with a range from 1 to 4.
POSSUM scores
The mean value of the physiological score was 25.0 with a standard deviation of 5.2 in all patients. The mean value of the operative score was 15.2 with a standard deviation of 4.7. Correlation between ASA score and POSSUM physiological score
As is shown in Fig. 1 , a statistically significant (P < 0.001) positive correlation was observed between the ASA score and POSSUM physiological score. In patients with ASA score 1 the POSSUM physiological score was 22.3 AE 2.9 (mean AE SD), while those in patients with ASA score 2 and 3 were 24.8 AE 4.5 and 32.7 AE 4.6, respectively.
Prediction of morbidity
As shown in Table 2 , the O/E ratio obtained for the POSSUM score was 0.23. A chi-square test showed no significant difference in morbidity and the number predicted using the POSSUM system (P Z 0.002).
Prediction of mortality
As shown in Table 3 , the O/E ratio for the POSSUM score was 0.15, while those for the P-POSSUM obtained using a linear analysis was 0.38. Chi-square tests showed significant differences between the observed and predicted numbers using the POSSUM system (P Z 0.86) and P-POSSUM system (P Z 0.726).
Derivation of equations predicting morbidity and mortality by logistic regression using our data set
We used a logistic regression analysis of our data to obtain new equations predicting hospital morbidity including mortality for the POSSUM systems. For the POSSUM system, the new equation was: The frequency tables of three risk bands using the new equations are shown in Table 4 . For the POSSUM calculated by using the new equation the O/E ratio was 0.88.
Discussion
The geriatric population is increasing worldwide, with the over-65 age group increasing at the swiftest rate. Within this over-65 age group, population aged 85 years and older is growing at the fastest rate. Currently, one in 4 surgical patients is over 65, and 50% of people over 65 will have an operation during the remainder of their lifetime. The impact of age upon the organ morphology and function has been thoroughly investigated. 10 The heart, kidney, liver, lung, and brain lose mass with age. Therefore, the morbidity and mortality risks associated with surgical treatments generally increase with age, 2,11 although some reports have found no effect of aging alone on operative risk. 12, 13 If the postoperative course is complicated, then organ functional disability occurs faster and recovery takes longer.
1 A precise risk assessment is therefore of primary importance in planning surgical treatment for elderly patients. However, no definite criteria have yet been established for risk assessment for surgery in the elderly.
Recently, several scoring systems for assessing risk associated with surgery have been developed. 3, 6 In risk assessment, systems may be required to include not only the preoperative condition of the patient, but also the complexity of the surgical procedure. The well-known POSSUM scoring system consists of the physiological score (including age, cardiopulmonary signs, the Glasgow coma scale, and some laboratory tests) and the operative severity score. 3 P-POSSUM is the newer Portsmouth predictor equation for mortality and was developed to correct the mortality rate using the same score but a different equation. 6 In this study, we applied these scoring systems to our series of elderly patients who had undergone elective gastrointestinal surgery, with the aim of determining whether the systems were useful for evaluating the risk of surgery for digestive tract cancer in elderly patients.
The results showed that neither of the systems was sufficiently precise to predict the morbidity and mortality in our series of patients, as the O/E ratios were not high enough. Both systems tended to over-predict both the morbidity and mortality score. In our series of patients, the morbidity rate was 15.0% (23/153) and the mortality rate was 3.9% (6/153). Recently, it was reported that perioperative mortality for general surgery in the elderly has decreased to 5e10%. 10 In recent reports, Clark et al.
14 obtained a morbidity rate of 48.3% and a 30-day mortality rate of 8.9% in 180 colorectal patients aged over 80 years, while El-Haddawi et al. 12 reported a morbidity rate of 42.4% and mortality rate of 6.6% in a series of patients over 65 years who had undergone major abdominal surgery. The mortality rate of 3.9% in our series was comparable to those above, although the morbidity rate of 15.0% was lower, possibly because our study conducted among patients with elective surgery.
In 1991, Copeland et al. 3 first reported on the original POSSUM system using clinical data collected in the 1980s.
Because surgical procedures (such as the induction of stapling devices) and perioperative patient management have evolved since then, the equation for predicting morbidity and mortality should be revised in the light of current surgical practice. Originally, the POSSUM score was developed not only to assess the individual patient's risk but also to compare crude mortality data from different units. 3, 10, 15 Surgical risks may vary by the technical level of the surgical team. Therefore, the POSSUM system may play an important role in risk assessment by developing equations specific to a surgical unit. In fact, Lam et al. 16 demonstrated that the use of a new equation gave a more accurate prediction of mortality than the original POSSUM system in a series of patients who had undergone major hepatectomy. However, their equation differed from that derived from our series of patients. Therefore, for adequate risk assessment, an equation may need to be calculated by each surgical unit for the specific surgical procedure or for the specific patient group, and may need to be revised over time.
The performance of the POSSUM scoring system has been verified within the specific subgroups, the gastric cancer and colorectal cancer, separately. Bollschweiler et al. 17 evaluated the POSSUM system in patients with gastric cancer undergoing D2-gastrectomy, and they also found the system overestimated both the mortality and morbidity risks. Ramkumar et al. 18 compared the performance of POS-SUM, P-POSSUM, and Colorectal POSSUM for the prediction of postoperative mortality in patients undergoing colorectal resection, and they found that Colorectal POSSUM, in which the equation was developed for the patients undergoing surgery for colorectal cancer, provided more accurate prediction of mortality risk compared with POSSUM and P-POSSUM. Therefore, an equation may again have to be developed for the specific patient subgroup or the disease in the risk assessment so that the POSSUM system can play the maximum role. In this study we included both patient subgroups of gastric cancer and colorectal cancer in elderly patients, because both diseases were major cancers for surgery in the elderly patients, and we aimed to establish a simple risk assessment system for possible clinical use.
In this study, new equations derived using the data from the POSSUM system proved to be useful tools in risk assessment for the elderly. A better understanding and use of perioperative monitoring, earlier intervention, earlier restoration of mobility and return to usual activity, and neuroleptic anesthesia have all contributed to lower rates of surgical mortality in the elderly. 19 Thus, preoperative management based on this scoring system in addition to the recognition of precise individual risk may thus help reduce the mortality and morbidity rates in elective surgery for the elderly. However, the small number of patients investigated in this study means that further studies are required.
In conclusion, both the POSSUM and P-POSSUM scores over-predicted the morbidity and mortality in elective gastrointestinal surgery for malignant tumors in elderly patients. However, if a surgical unit can accurately calculate equations using its own patient series while also performing updates for these equations, then the POSSUM system is expected to be useful in the risk assessment for surgery among the elderly. 
